Introduction of new econometric methods raises interest in assessing the old theories and the Jcurve phenomenon is no exception. Like previous research we first use the linear ARDL approach of Pesaran et al. (2001) to investigate the phenomenon between Korea and each of her 14 trading partners. We then employ recent nonlinear ARDL approach of Shin et al. (2014) to show that in most cases, exchange rate changes have short-run and long-run asymmetric effects on the bilateral trade balances. Separating depreciations from appreciations which is the main feature of the nonlinear model relies upon nonlinear adjustment of the exchange rate and provides relatively more support for the J-curve effect. .
I. Introduction
The link between a country's trade balance and its exchange rate still continues to attract attention of many researchers. The literature has grown so rapidly that every country now has its own literature and Korea, our country of concern is no exception. Studies that have included Korea in their sample of countries include: Bahmani-Oskooee (1985 , 1989 , Bahmani-Oskooee and Malixi (1992) , Hsing and Savvides (1996) , Lal and Lowinger (2002) , Chang (2005) , Hsing (2005) , and Buyangerel and Kim (2013) . These studies have used aggregate trade flows of Korea with the rest of the world and effective exchange rate of Korean won and have not found strong support for effective depreciation, neither in the short run nor in the long run. Sim and Chang (2006) , Mustafa and Rahman (2008) , Chang (2009) , Kim (2009) , Bahmani-Oskooee and Harvey (2010) , and Wang et al. (2012) . The findings are better than those in the first group but still mixed. These studies have been reviewed in detail by and need no further review here.
The tradition of moving from the first group to the second group was introduced by Rose and Yellen (1989) who criticized the first group on the ground that they suffer from aggregation bias. To reduce the bias they relied upon a model that was applied to the bilateral trade flows between the U.S. and each of her six largest trading partners. Using cointegration and errorcorrection modeling, they then showed that in none of the models the real bilateral exchange rate has short-run nor long-run effects on the bilateral trade balances. Recently, Bahmani-Oskooee and Fariditavana (2016) criticized Rose and Yellen (1989) approach for assuming exchange rate changes to have symmetric effects on the trade balance which necessitate using a linear model.
Once they rely upon a nonlinear ARDL approach of Shin et al. (2014) which is designed to test asymmetric effects of any exogenous variable on the dependent variable, they show that in almost all bilateral trade balance models between the U.S. and each of her six large partners, exchange rate changes do have significant asymmetric effects on the trade balance in the short run as well as in the long run. As they argue, separating currency depreciations from appreciations seems to yield significant results that are masked in the linear models that include the real exchange rate as a single entity.
Assessing the asymmetry effects of exchange rate changes and using a nonlinear model seems to be the direction for current and future research. For example, recently Bussiere (2013) showed that the pass-through of exchange rate changes to import and export prices are asymmetric.
One could then easily argue that if traded goods' prices respond to exchange rate changes in an asymmetric manner, so should trade itself and eventually the trade balance. Bahmani-Oskooee and Fariditavana (2016) attribute the asymmetric effects to traders' expectations and therefore their responses to currency appreciation which could be different from their expectations and responses to appreciation. Of course, adjustment lags such as production and delivery lags of traded goods could also be different when a currency depreciates as compared to when it appreciates mostly due to the fact that imports and exports originate from different countries which are subject to two different rules and institutions. In this paper, we add to the small literature on the asymmetry effects of exchange rate changes by considering bilateral trade balances of Korea with each of her 14 largest trading 2 For more on the adjustment lags see Bahmani-Oskooee (1985) .
partners. As can be seen from Table 1 in the Appendix, clearly China tops the list with almost 25% of Korean market and the United States has dropped to the second place. To achieve our goal, we introduce the models and methods in Section II. In Section III we present our empirical results.
Finally, while Section IV concludes the paper, data definition and sources are cited in an Appendix.
II. Models and Methods
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Following Bahmani-Oskooee and Fariditavana (2016) we adopt the following specification:
where TBi = (Mi/Xi) is a measure of bilateral trade balance between Korea and trading partner i defined as the ratio of Korean imports from partner i, Mi, over Korean exports to partner i, Xi.
Furthermore, in equation (1), while YKOR measures Korean real income or output, Yi measures the level of income or output in trading partner i. Finally, REX is the real bilateral exchange rate between Korean won and partner i's currency defined in a manner that a decline reflects a real depreciation of won (see the Appendix). Clearly, if a real depreciation of Korean won is to improve Korean bilateral trade balance, an estimate of d should be positive. Although we expect an estimate of b to be positive and that of c to be negative, indeed both could be negative or positive if increased income is due to an increase in production of import-substitute goods (Bahmani-Oskooee 1986).
Equation (1) is clearly a long-run model and advances in new methods show that in order to obtain better and stable long-run estimates, we should incorporate the short-run dynamic adjustment process. Therefore, we re-write equation (1) in an error-correction format as in equation (2) Pesaran et al. (2001) 4 Once cointegration is established, the long-run coefficient estimates are derived by the estimates of λ2 -λ4 normalized on λ1. The short-run effects are inferred by the estimates of coefficients attached to first-differenced variables. For example, short-run effects of exchange rate changes are judged by the estimates of π. Indeed, if estimates of π is negative at lower lags and positive at higher lags, the J-curve concept will be supported in the short run. 5 However, Rose and Yellen (1989) extended the concept of the J-curve to the long run by defining it as short-run deterioration of the trade balance combined with the long-run improvement.
The main assumption in both equations (1) and (2) is that all variables have symmetric effects on the trade balance. Concentrating on the real exchange rate, this assumption implies that if 1% depreciation improves the trade balance by, say, x%, 1% appreciation should hurt it by x%.
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They prove that their upper bound critical values could be also used when we have combination of I(0) and I(1) variables in a given model. Since most macro variables are either I(0) or I(1), there is no need for pre-unit root testing under this approach and this is one of the main advantages of this approach.
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This short-run concept of the J-curve was originally introduced by Magee (1973) and empirically tested by BahmaniOskooee (1985) using a traditional approach and not error-correction modeling technique.
As argued in the introduction this need not be the case. If not, then exchange rate changes could have asymmetric effects. To address asymmetric effects of exchange rate changes, BahmaniOskooee and Fariditavana (2016) decompose exchange rate changes to two new time series variables where one variable represents solely appreciation which we denote it by POS and the other variable represents solely depreciation which is denoted by NEG. This is done by the concept of partial sum approach as outlined below:
In equation (3) 
Since construction of the two new variables introduces nonlinearity into equation (4), errorcorrection model in equation (4) is labeled nonlinear ARDL model, whereas equation (2) is labeled the linear ARDL model. Shin et al. (2014) then demonstrate that Pesaran et al.'s (2001) bound testing approach and critical values could equally be applied to equation (4) to establish cointegration. Indeed, they argue that the same critical value of the F that is used in the linear model should be used in the nonlinear model even though the nonlinear model has one more
variable. This is mostly due to dependency between the POS and NEG variables. 6 Once equation (4) . While the first two asymmetry effects will be judged by observation, the last two will be judged by applying the Wald test.
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III. The Results
In this section, we estimate both the linear ARDL model outlined by equation (2) Following the literature and Bahmani-Oskooee and Fariditavana (2016), we impose a maximum 6 Note that, as argued by Bahmani-Oskooee and Fariditavana (2016) , expected sign of normalized coefficient estimates of POS and NEG variables in equation (4) are the same as that of REX in equation (2). 7 For some other application of partial sum concept see Apergis and Miller (2006) on the effects of U.S. stock market on consumption; Verheyen (2013) on interest rate pass-through mechanism to deposit rates; and for application of the linear model see De Vita and Kyaw (2008) , Halicioglu (2007) , and Hajilee et al. (2014 (2) by ECMt-1 and estimate this new specification after imposing the same optimum lags. A significantly negative coefficient obtained for ECMt-1 will support cointegration. Note that the t-ratio that is used to judge significant of this coefficient has a nonstandard distribution for which Banerjee et al. (1989) tabulate critical values for sample sizes such as ours. 10 Clearly, the estimate is insignificant again.
8 The exception to this rule was the model with China in which the maximum lag order was set at four due to limited number of observations. 9 Note that in order to manage the short-run estimates, coefficient estimates of the dependent variable are not reported. 10 Pesaran et al. (2001, p. 303 Based on the above analysis, we are now in a position to summarize the results for all models. First, from the short-run estimates we gather that the real bilateral exchange rate carries at least one significant coefficient in the linear model in nine models. In the nonlinear models, however, either ΔPOS or ΔNEG carry at least one significant coefficient in all models except
Korea-United Kingdom model. This supports nonlinear adjustment of the exchange rate which yield relatively more significant outcomes. Second, short-run adjustment asymmetry is supported in models that belong to Australia, Canada, Germany, Hong Kong, Indonesia, Italy, Malaysia, Netherlands, Thailand, and the U.S. In these 10 models, ΔPOS and ΔNEG take different lag orders.
Third, short-run asymmetric effects are also supported in almost all models, since all short-run estimates obtained for ΔPOS are different in size and sign compared to the estimates obtained for ΔNEG. However, these short-run asymmetric effects are only significant only in the models of Korea with China, Hong Kong, Indonesia, Japan, Netherlands, Thailand, and the U.S. due to the fact that only in these models our Wald-S statistic is significant. Fourth, the bilateral exchange rate caries a significant long-run coefficient in the linear models that belong to China, Hong Kong, Italy, Japan, and Thailand. When we consider the nonlinear models, however, either POS or NEG carry a significant coefficient in all models except those that belong to Australia, Germany, and the U.K. Again, separating appreciations from depreciations and introducing nonlinear adjustment of the exchange rate yield more long-run significant results as compared to the linear model. This is further supported by relatively more significant F or ECMt-1 in nonlinear models as compared to the linear models. However, the long-run asymmetry effects are only significant in the cases of Hong Kong, Japan, Malaysia, Singapore, Thailand, and the U.S. Finally, other diagnostic statistics support autocorrelation free residuals, correctly specified optimum models, and stable estimates.
What are the policy implications of our findings? Clearly, separating currency appreciations from depreciations yield insightful results that are masked in the linear models that rely upon the exchange rate itself. For example, in the linear Korea-Canada model, the exchange rate is insignificant in the long run. If we were to rely upon previous literature and the linear model, we would have concluded that the bilateral exchange rate plays no long-run role in the trade between Korea and Canada. However, the nonlinear model reveals that, while won depreciation has no long run effects, won appreciation will hurt Korean trade balance with Canada. Exactly opposite is the case in the results with China. While won depreciation will improve Korean trade balance with China, won appreciation will have no long-run effects. This is also the case with Japan and Italy. Therefore, it appears that the asymmetric effects are partner specific which could be due to expectations of different trades in different countries. An interesting discovery is that most of the asymmetric effects of exchange rate changes are on the Korean trade with Asian countries, implying that trades in Asia have different reaction to won depreciation than to won appreciation.
IV. Conclusion and Summary
With advances in econometric literature, old theories are receiving renewed attention and the J-curve phenomenon in international finance is no exception. The phenomenon basically claims that a devaluation or depreciation worsens the trade balance first and improves it later. When the concept was introduced in the 70s and tested in the 80s, it was considered a short-run phenomenon and researchers tested the hypothesis using a VAR specification in which a lag structure was imposed on the real exchange rate. Negative coefficients followed by positive ones was said to be a way of supporting the J-curve phenomenon (Bahmani-Oskooee 1985 , 1989 . However, when errorcorrection modeling and cointegration techniques were introduced, Rose and Yellen (1989) argued for a long-run definition, i.e., short-run deterioration combined with long-run improvement. Recently, Fariditavana (2015, 2016) gave us the third definition in which they separate depreciations from appreciations and define the J-curve to be short-run deterioration combined with long-run improvement only due to depreciation.
Our goal in this paper is to extend the literature on the asymmetric effects of exchange rate changes on the trade balance by considering the experience of Korea. More specifically, we consider bilateral trade balances of Korea with each of her 14 trading partners using quarterly data in order to test the J-curve phenomenon. Following previous literature, when we first applied the linear ARDL approach of Pesaran et al. (2001) , the results provided support for the short-run definition of the Jcurve in the Korean trade balance with Germany, Hong Kong, and Singapore. However, the longrun definition of the J-curve due to Rose and Yellen (1989) received support in the cases of China, Hong Kong, Italy, Japan, and Thailand. Thus, all in all, using the old tradition and a linear model we find support for the J-curve effect in a total of seven cases. However, when the most recent nonlinear ARDL approach of Shin et al. (2014) was considered, by separating currency depreciations from appreciations, we find support for the J-curve in the Korean trade balance with China, Hong Kong, Italy, Japan, Thailand and the U.S. We can even add Canada, Indonesia, Malaysia, and Singapore to the list due to the fact that the variable representing appreciation (i.e., POS) carries a significantly positive coefficient in these models, implying that won appreciation will hurt Korean trade balances with these countries which is in line with our theoretical expectations from the linear model. In sum, separating currency depreciations from appreciations and introducing nonlinear adjustment of the exchange rate yield more support for a successful exchange rate policy. Such findings are absent from previous literature and should be experimented using data from other countries.
APPENDIX Data Definition and Source
Data Period: Trading partners are ranked in descending order according to the percentage share of trade engaged in with Korea (2015) . 
Variables:
TBi = Trade balance of Korea with trading partner i. It is defined as Korea's imports from partner i over her exports to partner i (source a).
YKOR = Real GDP of Korea (source c).
Yi = Real GDP of trading partner i (source c).
REXi = The real bilateral exchange rate of the currency of partner i against Korean won. It is defined as REXi = (PKOR*NEXi/Pi) where NEXi is the nominal exchange rate defined as partner i's currency against Korean won, PKOR is the price level in Korea (measured by CPI) and Pi is the price level in partner i (also measured by CPI). Thus, a decline in REX reflects a depreciation of the Korean won. All nominal exchange rates and CPIs come from sources b and c, respectively. 
S (S) S (S) S (S) S (S) S (S) S (S)
WALD -S 22.74** 0.08 17.53** WALD -L 9.30** 0.02 53.84**
